ABSTRACT
INTRODUCTION
Streptococcus pneumoniae is a Gram-positive bacteria and one of the most common etiological agents of bacte-
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Jiménez-Munguía, I. rial meningitis which is associated with high mortality and morbidity [30] . Pneumococci asymptomatically colonize the human nasopharynx in up to 40 % of adults [19] . The infectivity of this pathogen and the development of protective immunity is poorly described in the current literature [25] . Meningitis-causing S. pneumoniae possess a set of antigenic structures, such as the cell wall components (i. e.
teichoic acids, surface-associated proteins, adhesins and pili) that contribute to the bacterial invasion of the host epithelial lining [15] .
In order to secure attachment on to host tissues, S. pneumoniae use adhesins normally located on its surface or at the end of long hair-like structures called pili [26] .
Some strains of this pathogenic bacteria form pili, which play a role in biofilm formation, a characteristic life-style of the bacteria constituting the oral flora and are involved in primary colonization [5] . Pili are encoded within pathogenicity islands and differ among Gram-positive and Gramnegative bacteria. In the case of Gram-positive bacteria, protein subunits are covalently linked, chaperons are not required for assembly and tlp protein is not needed to initiate the formation of the pilus structure [26] .
Pili of Gram-positive bacteria
Pili are long proteinaceous structures implicated in many functions such as adhesion to host cells, biofilm formation, DNA uptake and immune evasion. These structures were identified for the first time in the Gram-positive bacteria Corynebacterium diphtheria, and later in many others, such as S. pneumoniae [5] . The pili of Gram-positive bacteria are made of covalently linked pilins forming a string of beads of approximately 3 nm in diameter and various lengths ranging from 0.1 to 5 µm, although individual single pili of 9.5 nm diameter have been observed from cryo-EM on S. pneumoniae TIGR4 preparations [10] .
The cell wall of Gram-positive bacteria is a surface structure, which promotes interactions with its environment and provides physical cell integrity [17] . The forma- [26, 11] tion, cell aggregation, DNA transfer and twitching motility [11] .
Assembly of pilus in Streptococcus pneumoniae
S. pneumoniae produces pili protruding from the bacterial cell surface. This structure is not always visible in all the cells from the same population [3] . containing the LPxTG motif are first integrated into the pilus, serving as pilus polymerization initiators and they are preferentially located at the pilus tip; meanwhile the Minor pilin 2 is often found at the base of the pilus and serves as an anchor [5] .
Structure of pili of Streptococcus pneumoniae
S. pneumoniae expresses two types of pili. Pilus-1, encoded by pilus islet 1, is composed of a backbone subunit RrgB and two ancillary proteins, RrgA and RrgC ( Figure   1 ). Pilus-2 is encoded by the pilus islet 2 and is composed of a pitB backbone subunit [1, 11] . The genes required for pilus production are located in a 12 Kb pathogenicity island (the rlrA islet) [27] . The pilus-1 expressed by S. pneumoniae is composed of one major (RrgB) and two minor (RrgA and RrgC) structural proteins. Filaments are formed by a single string of RrgB monomers, which are elongated with RrgA and RrgC according to their putative roles as adhesion and anchor to the cell wall surface, respectively ( Figure   1 ) [10] . Moreover, a genomic region of S. pneumoniae codes for a second functional pilus. This region is composed of five genes, two of them coding for putative LPxTG-type surface-anchored proteins (pitB and pitA), the latter containing a stop codon, one gene encoding a signal peptidaserelated product (sipA), and two genes coding products displaying similarity to sortases (srtG1 and srtG2) [1] . PitB is suggested to be the most probable backbone of the fimbria containing stabilizing intramolecular isopeptide bonds and
PitA, a putative ancillary protein [31] .
Biological functions of bacterial pili
Bacterial pili are considered as surface-exposed virulence factors [14] . These structures appear crucial for the initiation of bacterial colonization inside the host and are involved in adhesion, recognition of host cell receptors, biofilm formation and evasion from the innate immune system, all of which contribute to infection [5] . The role of pili in adherence has been demonstrated in several Grampositive bacteria such as C. renale and S. agalactiae, which adhere to kidney or to human lung epithelial cells [7, 12] .
S. agalactiae expresses a pili composed of three structural subunits (PilA, PilB and PilC), of which PilB is the major backbone protein; PilA is an adhesive protein located at the tip of the pilus (AP-1), and PilC (AP-2) acts as pilus anchors [7] .
In regard to S. pneumoniae, RrgB is the shaft protein and two accessory proteins, RrgA and RrgC, act as an adhesin and anchor, respectively [11] . Both PilA and RrgA adhesins exhibit a von Willebrand adhesion domain (VWA), which is important for their cell binding properties [14] . VWA-containing proteins are widely distributed among archae, bacteria and eukaryotes [23] . This domain found in eukaryotes is involved in interactions with the extracellular matrix (ECM) [28] . Likewise, some bacterial surface proteins specifically interact with extracellular matrix components such as fibronectin, fibrinogen, collagen, and heparin-related polysaccharides [22] . and CpG in the bacterial DNA, respectively [29] .
Role of S. pneumoniae pili in meningitis
Pneumococcal meningitis is characterized by a high mortality rate (20-30 %) due to complications derived from an excessive immune response as well as damage by the pathogen itself. These complications include brain edema, cerebral ischemia and increased intracranial pressure [16] . Expression of the pili is related with the pathogenicity of the pneumococci. Thirty percent of the S. pneumoniae strains, isolated from clinical environments are piliated and contain the rlrA genetic element [14] .
The contribution of S. pneumoniae pili in meningitis has 
